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(54) POWER STEERING DEVICE 
(57) Abstract: 

PURPOSE: To reduce impact, generated when a steering 
wheel is turned to its maximum steering angle without any 
sacrifice of steering feeling. 

CONSTITUTION: If the direction changing speed of a wheel 
direction changing element 1 1 exceeds preset speed which 
is direction changing speed not doing any damage to a 
steering system when the rotational angle of a steering 
wheel 1 reaches a prescribed angle, a PS geared motor 4 
comes into action so as to damp steering output according 
to the output signal of a speed sensor 7. The direction 
charging speed of a wheel generated when a stopper »$ 
brought into contact with a turning stopper is decreased, 

the steering wheel 1 reaches the maximum steering 
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CLAIMS 




[Glairn(s)] 

[Claim 1]A steering wheel. 

A control section which controls said redoubling means by operation of this steering wheel based on a 
direction switching device made to rotate a wheel, a redoubling means to double the power a steering 
output to said direction switching device according to a control force from said steering wheel, and a 
control force from said steering wheel. 

An angle detection machine which is the power steering device provided with the above, and detects 
angle of rotation of said steering wheel, When a speed detection machine which detects direction 
switching speed of an axle, and angle of rotation of said steering wheel exceeded a regulation angle set 
up smaller than a steering maximum important angle, a redoubling attenuating means which makes small 
a steering output by said redoubling means according to said direction switching speed was established. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 



[Industrial App!ication]This invention relates to the power steering device which raises the steering 

performance of cargo work vehicles, such as a fork lift truck. 

[0002] 

[Description of the Prior ArtjTbe steering direction switching system to which cargo work vehicles, such as 
the conventional fork lift truck, carry out direction switching of the wheel since light steering performance 
is required on use is equipped with power-steering (henceforth PS) equipment. 
Eleotric-type PS equipment is especially used for the battery-type reach fork lift truck. 

[0003]It has a motor for PS which doubles the power the steering output to a steering shaft according to 
the control force from a steering wheel, PS controller controls the motor for PS based on the control force 
from a steering wheel, and this electric-type PS equipment is making handle operation reduce. 
[0004]When a steering wheel is turned and direction switching of the wheel is carried out, a steering wheel 
stops and in the component which carries out direction switching turning around a wheel in contact with a 
stopper. Let this position be a steering maximum important angle, 

[OODSlhi order that these people may soften impulse force in case the component to which direction 
switching of the wheel is carried out with an application-for-utility-model-registration common No. 24492 
[ five to ] contacts a stopper in such electric-type PS equipment, The angle sensor was provided in the 
direction switching steering system, and angle of rotation of the steering wheel was detected, and when the 
regulation angle set up smaller than a steering maximum important angle was reached, it proposed having 
established the redoubling attenuating means which makes a steering output small. 
[0006] 

[Problem to be solved by the invention]However, on the operation of a reach fork lift truck, in order to 
circle further from a place with the direction of movement of a wheel near the regulation angle set up 
smaller than a steering maximum important angle, handle operation may be performed, 
[0007]In this case, since angle of rotation of a steering wheel reaches a regulation angle immediately and a 
steering output is attenuated, a control force becomes heavy and there is a problem which worsens an 
operation feeling. 

[0008]Without spoiling the light steering performance of PS equipment in view of the above, this invention 
aims at offer ©f PS equipment which softens the impulse force which a steering direction switching system 
receives, when a steering maximum important angle is reached. 
[0009] 

[Means for solving problemjThe business solution means by this invention like drawing 1 The steering wheel 
1, The direction switching device 3 made to rotate the wheel 2 by operation of this steering wheel 1, A 
redoubling means 4 to double the power the steering output to said direction switching device 3 according 
to the control force from said steering wheel 1, The angle detection machine 6 which is provided with the 
control section 8 which controls said redoubling means 4 based on the control force from said steering 
wheel 1, and detects angle of rotation of said steering wheel 1, It is allocated by the speed detection 
machine 7 which detects the direction switching speed of the wheel 2, and to said control section 8. When 
angle of rotation of said steering wheel 1 reaches the regulation angle theta 2 set up smaller than the 
steering maximum important angle theta 1. When said direction switching speed exceeds the degree V1 of 
setting speed which is the direction switching speed which does not give a damage to a steering system, 
the redoubling attenuating means 10 which makes small the steering output by said redoubling means 4 is 



[0010] 

[Function]!^ an aforementioned problem solving means, a turn of the steering wheel 1 will transmit the 
control force to the direction switching device 3. And according to the control force from the steering 
wheel 1, a steering output is made to change by the redoubling means 4, and light steering performance is 
obtained. 

[OOlljAnd if angle of rotation of the steering wheel 1 reaches the regulation angle theta 2, the output signal 
of the angle detection machine 6 wit! be sent to the control section 8. Then, the control section 8 
attenuates the steering output by the redoubling means 4 according to the output signal of the speed 
detection machine 7, only when the output signal of the speed detection machine 7 exceeds the degree V1 
of setting speed which is the direction switching speed which does not give each part of a steering system 
a damage, and it reduces the direction switching speed of a wheel. A steering output is not decreased when 
it is not over the degree V1 of setting speed. 

[0012]Therefore, it can prevent colliding with a stopper with sufficient vigor, without spoiling a steering 

feeling. 

[0013] 

[Working examplejThe block diagram of PS equipment whose drawing 1 is one embodiment of this invention, 
and drawjngJLThe top view of the wheel direction switching object of a rectilinear-propagation state, The 
top view of the wheel direction switching object in the state where drawing 3 reached the steering 
maximum important angle, the figure, in which drawing 4 shows the relation between the output of an angle 
sensor and angle of rotation of a steering wheel, and drawing 5 are the flow charts of redoubling attenuation 
operation, 

[00143Electric~type PS equipment used for a battery type reach fork lift truck of this example, The 
direction switching device 3 made to rotate the wheel 2 by operation of the steering wheel 1 and this 
steering wheel 1 like drawing 1 , The PS geared motor 4 which is a redoubling means to double the power a 
steering output to said direction switching device 3 according to a control force from said steering wheel 1, 
The PS torque sensor 5 which detects a control force from said steering wheel 1, It has the angle sensor 6 
which detects angle of rotation of said steering wheel 1, the velocity sensor 7 which detects direction 
switching speed of the wheel 2, and the PS controller 8 which is the control sections which control said PS 
geared motor 4 based on a control force from said steering wheel 1. 

[001 5] And this PS controller 8 is provided with a drive circuit of said PS geared motor 4 which used a 
microcomputer and a chopper. 

The motor drive means 9 into which a steering output by said PS geared motor 4 is changed according to 
an output signal from said PS torque sensor 5, When angle of rotation of said steering wheel 1 reaches the 
regulation angle theta 2 set up smaller than the steering maximum important angle theta 1. When ****** 
speed exceeds the degree V1 of setting speed which is the direction switching speed which does not give a 
damage to each part article of a steering system, the redoubling attenuating means 10 which makes small a 
steering output by said PS geared motor 4 is established. 

[001 8]Said direction switching device 3 comprises the wheel direction switching object 1 1 which supports 
the wheel 2 enabling free rotation, and the transmitting part 12 which tells the rotation from the steering 
wheel 1 to the wheel direction switching object 1 1. The shaft pulley 14 by which externally fitting and fixing 
of this transmitting part 1 2 was carried out to the upper bed of the first steering shaft 13 and the first 
steering shaft 13, The second steering shaft 15 and the shafts 17 and 18 connected with the second 
steering shaft 1 5 by the universal joint 1 6, The gear shaft 1 9 rotated via the PS geared motor 4, and the 
first gear 20 by which externally fitting and fixing was carried out to the gear shaft 19, It consists of the 
first gear 20, the second meshing gear 21, the second gear 21 and the third gear 22 allotted on the same 
axle, and the wheel gear 23 by which meshed with the third gear 22 and externally fitting and fixing was 
carried out to the wheel direction switching object 11. And the shaft pulley 14 is connected with the first 
belt pulley 25 by which externally fitting and fixing was carried out to the steering shaft 24 of the steering 
wheel 1 via the chain 28, 

[001 7]Said wheel direction switching object 1 1 is supported by the axis arm 27 fixed to the forklift body, 
enabling free rotation. The drive motor 28 is arranged on the upper part of the wheel direction switching 
object 11, and the wheel 2 rotates via the gear etc. in which the inner package was carried out to the wheel 
direction switching object 1 1 by the drive of the drive motor 28 and which are not illustrated. And the 
stoppers 29a and 29b of a couple protrude on the 1 80~degree symmetric position of the periphery of the 
wheel direction switching object 1 1 like drawing 2. The wheel direction switching object 1 1 is countered, the 



wheel direction switching object 1 1 contact the gyrating stopper 30, angle of rotation of the steering wheel 
1 is set to steering maximum important angle thetalL on either side and thetal R, 

[0018]Said PS torque sensor 5 is infixed between the first steering shaft 13 and the second steering shaft 
1 5 like drawing 1 , It is a common torque sensor which detects with a photosensor etc. the angle of torsion 
of the first steering shaft 13 and the second steering shaft 15 to which torque was added, and detects 
torque from the phase contrast of the voitage waveform of the exchange, 

[0019]Said angle sensor 8 is provided with the sensor beit pulley 33 connected with the second belt pulley 
31 fixed to the steering shaft 24 via the chain 32, and the sensor body 34 which detects rotation of the 
sensor belt pulley 33 like o^wjng_t, Into the sensor body 34, the inner package of the common rotary 
position sensor which detects a rotary place by voltage change using a magnet coil etc. is carried out in 
rotation of the sensor shaft 35 of the sensor belt pulley 33, 

[0O2O]Like drawing 1 . said velocity sensor 7 is counterposed by the wheel gear 23, and measures the 
direction switching speed of the wheal gear 23. As a velocity sensor, the electromagnetic revolution speed 
sensor which detects the angular velocity of the wheel gear 23 by a permanent magnet and the pick up coil 
is used 

[0021]Said motor drive means 9 makes the conduction ratio of chopping to the PS geared motor 4 change 
based on the output signal from the PS torque sensor 5 at the time of steering wheel steering, 
[0022]When angle of rotation of the steering wheel 1 reaches the right set up smaller than right and left 
steering maximum important angle thetaIR and thetal L and left regulation angle theta2R f and thetaZL, said 
redoubling attenuating means 10, If direction switching speed is more than [ said ] setting speed degree VI, 
based on the output signal from the velocity sensor 7, chopping to the PS geared motor 4 will be controlled. 

[0Q23]In the above-mentioned composition, if the steering wheel 1 is quickly turned to the left when 
rotating anticlockwise, the control force will be transmitted to the transmitting part 12. At this time, based 
on the output signal from the PS torque sensor 5, attenuate the steering output by the PS geared motor 4, 
when a handle becomes heavy and turns the steering wheel 1 late, a steering output is made to double the 
power, and handle operation becomes light. 

[G024]And if direction switching of the wheel 2 is carried out leftward and angle of rotation of the steering 
wheel 1 reaches left regulation angle theta2l_ the angle sensor 6 will output an ON signal to the control 
section 8. If the control section 8 receives the signal, the direction switching speed and the degree VI of 
setting speed which were detected from the velocity sensor 7 are measured. If direction switching speed is 
more than setting speed degree V1, the redoubling attenuating means 10 will be operated in the control 
section 8. By the redoubling attenuating means 10, the steering output by the PS geared motor 4 is 
decreased, handle operation becomes heavy, and the direction switching speed of the wheel 2 decreases. 
Then, the stopper 29a of the wheel direction switching object 11 contacts the gyrating stopper 30, left 
steering maximum important angle thetal L to which the steering wheel 1 stops turning off is reached, and 
the direction switching of the wheel 2 is stopped. 

[0025]Aiso when rotating clockwise, just before it rotates the steering wheel 1 like the above, and 
restricting when the direction switching speed of the wheel 2 exceeds the degree V1 of setting speed and 
reaching right steering maximum important angle thetal R, It decreases, and handle operation becomes 
heavy, the direction switching speed of the wheel 2 is reduced, and the steering output by the PS geared 
motor 4 contacts the gyrating stopper 30, and reaches right steering maximum important angle thetal R. 
[0026]On the other hand, since impulse force is small when the wheel direction switching object 1 1 collides 
with the gyrating stopper 30 if direction switching speed is smaller than the degree VI of setting speed, it is 
not necessary to attenuate a steering output. Therefore, the redoubling attenuating means 10 does not 
operate in this case, but a steering output is maintained, and a light steering feeling is maintained. 
[0027]Therefore, since a control force becomes heavy when direction switching is carried out to a position 
even if a wheel turns a steering wheel with still more sufficient vigor from the state which carried out 
direction switching, The survival advantage of each part article can be expected without direction switching 
speed's being able to become slow, and a wheel direction switching object's being able to prevent colliding 
with a gyrating stopper with sufficient vigor, being able to reduce impulse force in case the direction 
switching of a wheel stops, and spoiling a light steering feeling. 

[QQ2S]As for this invention, it is needless to say that it is not limited to the above-mentioned embodiment 
and many corrections and change can be added to the above-mentioned embodiment within the limits of 
this invention. 

[0029]For example, although the above-mentioned embodiment described PS equipment of the electnc type 



pump drive motor. It may control to attenuate a steering output gradually, so that it becomes quick 
according to the direction switching speed of a wheel, and if a steering output is controlled so that the 
direction switching speed of a wheal turns Into the degree V1 of setting speed, a damage will not be given 
and, moreover, steering time will not become Hong. Even if it uses various angular velocity sensors, such as 
a rotary encoder and an optical fiber gyro, the same effect is expectable in a velocity sensor, 
[0030] 

[Effect of the InventionjSinee the steering output by a redoubling means is made small according to the 
direction switching speed of a wheel if the regulation angle to which angle of rotation of the steering wheel 
was set smaller than a steering maximum important angle according to [ passage clear from the above 
explanation 1 this invention is exceeded, Since a control force becomes heavy when direction switching is 
carried out to a position even if a wheel turns a steering wheel with still more sufficient vigor from the state 
which carried out direction switching, direction switching speed can become slow, a wheel direction 
switching object oan prevent colliding with a gyrating stopper with sufficient vigor, and impulse force in case 
the direction switching of a wheel stops can be reduced, 

[003l]Therefore, without spoiling a steering feeling, it can prevent colliding with a stopper with sufficient 
vigor moreover, the damage given to each part article of a steering direction switching system is reduced, 
and there is an outstanding effect that the survival advantage of parts is expectable. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The block diagram of the power steering device which is one embodiment of this invention 
?rawing 2]T he top view of the wheel direction switching object of a rectilinear-propagation state 



[Drawing 3]The top view of the wheel direction switching object in the state where the steering 
maximum important angle was reached 

[Drawing 4] The figure showing the relation between the output of an angle sensor, and angle of rotation 
of a steering wheel 

[Drawing Sj The flow chart of redoubling attenuation operation 
[Explanations of letters or numerals] 

1 Steering wheel 

2 Wheel 

3 Direction switching device 

4 Redoubling means 
8 Angle sensor 

7 Velocity sensor 

8 Control section 

10 Redoubling attenuating means 

1 1 Wheel direction switching object 

12 Transmitting part 

thetal Steering maximum important angle 

theta2 Regulation angle 

V1 The degree of setting speed 
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[Drawing 2] 




[Drawing 4] 
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[ Drawing 1] 
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